Introduction
Terpenoids are not only raw materials for flavor and fragrance but also biologically active substances. The vast majority of biologically active terpenoids are plant secondary metabolites, and these terpenoids exhibit biological activity against plants, microorganisms, and insects. Various attempts have been made to search for new biologically active terpenoids. However, it is difficult to produce these active compounds by organic synthesis. Biotransformation is a synthetic process that uses enzymes in living organisms as biocatalysts. Biotransformation allows regio-and stereoselective reactions under mild conditions and produces optically active compounds easily. These advantages suggest that biotransformation is a viable way to produce biologically active terpenoids. Biotransformation is one of the way to produce biologically active terpenoids. Previously, we reported biotransformation of monoterpenoids by the larvae of common cutworm Spodoptera litura 1 6 .
A p-menthane skeleton, -and -limonene 1 were oxidized at 8,9-double bond vinyl group and the C-7 position allylic methyl group .
-and -Menthol 2 , -and -menthone 3 , γ-terpinene 4 , -α-phellandrene 5 and -Carvone 1 and -carvone 2 , p-menthane monoterpene ketone, are known most widespread terpene and it is extensively used as the perfumery and flavor industries. Carvone and similar p-menthane alcohol were constituent of Carum carvi 7 . There are several reports on the biotransformation of carvone by plants cells 8 , microorganisms 9 , rabbits 10 and human 11 . Carvone was oxidation at the 1,6-double bond, and reduction at the ketone by microorganisms and plant cells of Catharanthus roseus. In rabbit oxidation at C-10 position, also in human reduction at the ketone, and oxidized at C-10 position and 8,9-double bond. However, it is no literature of biotransformation by the insects. In the present paper, the biotransformation of compounds 1 and 2 by the S. litura larvae was demonstrated metabolism.
2.2 General experimental procedures 2.2.1 Gas chromatography GC A Hewlett-Packard 5890A gas chromatograph equipped with a flame ionization detector and a DB-5 capillary column 30 m in length, 0.25 mm in diameter i.d. was used. Additionally, a split injection of 25:1 was used. Helium at a flow rate of 30 cm/s was used as a carrier gas. The oven temperature was programmed to increase from 130 to 240 at 4 /min. The injector and detector temperatures were 270 and 280 , respectively. The peak area was integrated with a Hewlett-Packard HP3396 series II integrator.
Gas chromatography-mass spectrometry GC-MS
A Hewlett-Packard 5890A gas chromatograph equipped with a split injector and an HP-5MS capillary column 30 m in length, 0.25 mm i.d. was combined by direct coupling to a Hewlett-Packard 5972A mass spectrometer. The chromatographic conditions were the same as those described above. Helium at 30 cm/s was used as a carrier gas. The temperature of the ion source was 280 , and the electron energy was 70 eV.
Infrared IR spectroscopy
The IR spectra were obtained with a JASCO FT/IR-470 plus Fourier transform infrared spectrometer. CHCl 3 was used as a solvent.
Nuclear magnetic resonance NMR Spectroscopy
The NMR spectra were obtained with a JEOL ECA-500 500 MHz, 1 H; 125 MHz, 13 C spectrometer. Tetramethylsilane TMS was used as the internal standard δ0.00 .
Specific rotation
The specific rotations were measured on a JASCO DIP-1000 digital polarimeter.
Rearing of larvae
The S. litura larvae were reared in plastic cases 200 300 mm wide, 100 mm high, 100 larvae/case covered with a nylon mesh screen. The rearing conditions were as follows: 25 , 70 relative humidity, and constant light. A commercial diet Insecta LF; Nihon Nosan Kogyo Co., Ltd., Japan was administered to the larvae, starting at the first instar stage. From the fourth instar stage, the diet was changed to an artificial diet composed of kidney beans 100 g , agar 12 g , and water 600 mL .
Substrate administration
The artificial diet without agar was mixed using a blender. Compound 1 800 mg was then added directly into the blender at 1 mg/g of diet. Agar was dissolved in water, boiled, and then added into the blender. The diet was then mixed and cooled in a stainless-steel tray 220 310 mm wide, 30 mm high . The diet containing compound 1 was stored in a refrigerator until the time of administration. The fourth to fifth instar larvae average weight 0.5 g were moved into new cases 100 larvae/case , and the diet was fed to the larvae in limited amounts. Groups of 800 larvae were fed the diet containing compound 1 0.6-0.7 g, or approximately 0.7 mg per larva for 2 days, and then the artificial diet not containing compound 1 was fed to the larvae for an additional 2 days. Frass was collected every 5 hours for a total of 4 days and stored in a solution of diethyl ether 300 mL . Compound 2 was administered to 800 larvae in the same manner. To ensure separation of diet and frass, fresh frass was extracted as soon as the fourth to fifth instar larvae excreted.
Isolation and identification of metabolites from frass
The frass was extracted with diethyl ether 300 mL 2 , followed by extraction with ethyl acetate 300 mL 2 . The extract solution was evaporated under reduced pressure, and 2.203 g of extract was obtained. The extract was dissolved in ethyl acetate and was then added to 5 NaHCO 3 solution. After shaking, the neutral fraction 921 mg was obtained from the ethyl acetate layer. The aqueous layer the acidic fraction was separated, acidified with 1M HCl, and extracted with ethyl acetate. After shaking, the acidic fraction 1.282 g was obtained from the aqueous layer. The neutral fraction was analyzed by GC-MS; metabolites 1-1, 1-2 and 1-3 were present in this fraction. The acidic fraction was treated with ethereal CH 2 N 2 overnight and subsequently analyzed by GC-MS. The results indicated no metabolite in this fraction. The neutral and acidic fractions were subjected to a silica gel open n-hexane/ethyl acetate solvent system, and metabolites 1-1 48 mg , 1-2 11 mg , and 1-3 162 mg were isolated. Similarly, compound 2 was transformed to 2-1 38 mg , 2-2 5 mg , 2-3 45 mg , and 2-4 120 mg . Metabolites were identified by comparing their data to previously established mass spectroscopy MS , infrared IR spectrum, and nuclear magnetic resonance NMR data.
Structure of metabolites
-4S -10-Hydroxycarvone Biotransformation by the S. litura larvae was observed as follows: substrate was administered to the larvae through their diet; metabolites were then detected and isolated from the frass of larvae. The larvae fed an artificial diet without substrate were used as the control, and the frass extract was analyzed by gas chromatography GC . The compounds investigated and unidentified metabolites were not observed in the frass of controls.
Upon biotransformation of -carvone 1 , the three metabolites isolated from the frass were -4S -10-hydroxycarvone 1-1 , -4S -7-hydroxycarvone 1-2 and -4S -8,9-dihydroxy-8,9-dihydrocarvone 1-3 . After biotransformation of -carvone 2 , the four metabolites isolated from the frass were -4R -10-hydroxycarvone 2-1 , -4R -7-hydroxycarvone 2-2 , -4R -8,9-dihydroxy-8,9-dihydrocarvone 2-3 and -2R,4R -10-hydroxycarveol 2-4 Fig. 1 . The structures of the metabolites were confirmed by assignment of the NMR spectra using the following two-dimensional techniques: correlation spectroscopy COSY , heteronuclear multiple quantum coherence HMQC , and heteronuclear multiple bond correlation HMBC .
The metabolite 1-1 had a molecular weight of 166 M , which was estimated by its EI-MS spectrum. The IR spec- Fig. 1 Biotransformation of -carvone and -carvone by S. litura larvae.
trum contained a hydroxyl band at 3483 cm 1 . In the 1 H and 13 C NMR spectra were assigned by comparison with the substrate 1. The 1 H NMR spectrum indicated H-10 methyl proton disappeared and new singlet methylene proton located at H-10 4.16 ppm . Therefore, metabolite 1-1 was produced by hydroxylation at the C-10 position of 1. The NMR spectrum of 1-1 was consistent with that reported in the literature 12 . The specific rotation shows the -form. From these data, we concluded that the structure of 1-1 was -4S -10-hydroxycarvone. To identify -4R -10-hydroxycarvone 2-1 , we compared its spectral data with the data for its enantiomer, 1-1.
The metabolite 1-2 showed an M perk at m/z 166 by its EI-MS spectral. The IR spectrum contained a new hydroxyl band at 3435 cm 1 . In the 1 H and 13 C NMR spectra were assigned by comparison with the substrate 1. The 1 H NMR spectrum showed H-7 methyl proton disappeared and new broad singlet methylene proton located at H-7 4.27 ppm . Therefore, metabolite 1-2 was produced by hydroxylation at the C-7 position of 1. The NMR spectrum of 1-2 was consistent with that reported in the literature 13 . The specific rotation shows the -form. From these data, it was concluded that the structure of 1-2 was -4S -7-hydroxycarvone. To identify -4R -7-hydroxycarvone 2-2 , we compared its spectral data with the data for its enantiomer, 1-2.
The metabolite 1-3 showed an M-CH 2 OH perk at m/z 153 by its EI-MS spectral. The IR spectrum contained a new hydroxyl band at 3407 cm 1 . In the 1 H and 13 C NMR spectra were assigned by comparison with the substrate 1. The 1 H NMR spectrum showed H-9 proton disappeared and new a two doublet methylene proton located at H-9 3.44 ppm and 3.59 ppm . The 13 C-NMR spectrum showed H-9
and H-8 carbon disappeared and new methylene and quaternary carbon located at C-9 73.4 ppm and C-8 67.8 ppm , respectively. Therefore, metabolite 1-3 was produced by hydroxylation at the C-8 and C-9 position of 1.
The specific rotation shows the -form. From these data, it was concluded that the structure of 1-3 was -4S -8,9-Dihydroxy-8,9-dihydrocarvone. The NMR spectrum of 1-3 was consistent with that reported in the literature 11 . To identify -4 R -8,9-Dihydroxy-8,9-dihydrocarvone 2-3 , we compared its spectral data with the data for its enantiomer, 1-3.
The metabolite 2-4 showed an M perk at m/z 168 by its EI-MS spectral. The IR spectrum contained a new hydroxyl band at 3435 cm 1 . In the 1 H and 13 C NMR spectra were assigned by comparison with the substrate 2. The 1 H NMR spectrum showed H-10 methyl proton disappeared and new methylene protons located at H-10 4.15ppm . The 13 C-NMR spectrum showed C-2 carbonyl carbon disappeared and a new methylene and methine carbon located at C-2 70.4 ppm and C-10 65.0 ppm , respectively. The NMR spectrum of 2-4 was consistent with that reported in the literature 12 . Therefore, metabolite 2-4 was produced by hydroxylation at the C-10 position and reduction at the ketone of 2. The specific rotation shows the -form. From these data, we concluded that the structure of 2-4 was -4S,2R -10-hydroxycarveol 2-4 .
Metabolic pathways
Biotransformation by the larvae of S. litura was observed as follows: substrate was administered to the larvae through their diet; metabolite was then detected and isolated from the frass of larvae. In a previous paper, α-terpinene was mixed in the diet of larvae at a high concentration 10 mg/g of diet to increase the production of potential metabolites. Although alcohols were detected by GC analysis, intermediary metabolites epoxides and aldehydes were not isolated. This suggested that intermediary metabolites were hardly excreted into the frass. In the present study, a concentration of 1 mg/g of diet was therefore chosen as optimum for administration i.e., the concentration consumes a substrate completely . The larvae that were fed the diet without substrate were used as control, and the extract of frass was analyzed by GC. All metabolites were not observed in the frass of controls. For the consumption of substrate in the diet observed, we varied the quantity of substrate in the diet by the internal standard method in GC. The result was that consumption of -carvone 1 was 86 . The result was that consumption of -carvone 2 was 90.0 . In the biotransformation of compound 1, three metabolites as -4S -10-hydroxycarvone 1-1 , -4S -7-hydroxycarvone 1-2 and -4S -8,9-dihydroxy-8,9-dihydrocarvone 1-3 were isolated from the frass Fig. 1 . The percentage conversion of metabolites was 1-1 27 , 1-2 11 and 1-3 48 . Percentage was calculated from the peak area in the GC spectra. Other compounds were not detected in the frass by GC analysis. Metabolite 1-1 was produced by oxidation at the C-10 position of 1. Metabolite 1-2 was produced by oxidation at the C-7 position of 1. And, metabolite 1-3 was produced by oxidation at the vinyl group 8,9-double bond of 1. While, in the biotransformation of compound 2, four metabolites as -4R -10-hydroxycarvone 2-1 , -4R -7-hydroxycarvone 2-2 , -4S -8,9-dihydroxy-8,9-dihydrocarvone 2-3 and -2R,4R -10-hydroxycarveol 2-4 were isolated from the frass Fig. 1 . The percentage conversion of metabolites was 2-1 17 , 2-2 8 , 2-3 45 and 2-4 20 . In previously we reported the biotransformation of p-menthane monoterpenoids, -and -menthol, -a n d
-m e n t h o n e , γ -t e r p i n e n e , -α-phellandrene and R -and S -terpinene-4-ol were preferentially oxidized at C-7 position.
-and -Limonene also were oxidized at C-7 position and vinyl group 8,9-double bond . In the same manner, 1 and 2 was hydroxylated at C-7 position and vinyl group 8,9-double bond . Moreover, the oxidation at C-10 position was novel metabolic pathway compared with previous paper deal with biotransformation of p-menthane monoterpenoids by the S. litura larvae. Then, there are reports on the biotransformation of carvone by other organisms. It seems natural to obtain different metabolites with different species of organisms. In mammalian species, carvone was hydroxylated at the isopropenyl double bond by human and hydroxylated at C-10 carbon by rabbit. These indicate that the larvae of S. litura employ metabolic pathway similar to these of mammals. Moreover, 1 and 2 are stereoselectively transformed by human liver microsomes to -2S,4S -and -2R,4R -carveol, respectively, whereas only 2R,4R --carveol is further glucuronidated. This fact indicated that metabolism of carvone by S. litura was involved microsomes in midgut. Though, the first report of 1 was hydroxylated at C-7 carbon by biocatalysis; that is, positional specific oxidation was progress in the metabolism in the S. litura larvae.
